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The aim of this study was to evaluate mosquito abundance, species diversity, larval and
adult population dynamics in seven lagoons integrated in the wetland coastal system of
the Algarve, Portugal, in the summer of 2007 , as well as the screening of these for West
Nile virus (WNV). WNV has been isolated from mosquitoes in this region, in the summer
of 2004, next to the putative area of infection of two linked human WN cases. Adult mos-
quitoes were collected with CDC traps baited with CO2, and potential breeding sites were
surveyed for immature stages. Morphological identiﬁcation of 1,432 adult mosquitoes and
85 larvae revealed the presence of 10 species: Anopheles atroparvus, Anopheles algerien-
sis, Coquillettidia richiardii, Culex modestus, Culex pipiens, Culex theileri, Culex univittatus,
Culiseta longiareolata, Aedes caspius, and Aedes detritus. Adult mosquito peak densities
were recorded in July, contrasting with null larval breeding in the same month in the sur-
veyed biotopes. Most abundant species were C. pipiens (52%), C. theileri (29%), and A.
caspius (11%). Lagoon Salgados and Quinta das Salinas, exhibited the highest similarity
of culicid fauna, despite being most distant from each other, Female mosquitoes (1,249
specimens) screened by RT-PCR, did not reveal WNV products. However, previous detec-
tion of WNV activity in this area, susceptible to re-introductions, demands for continued
vigilance.
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INTRODUCTION
Mosquitoes act as vectors in the transmission of human diseases,
such as several arboviruses belonging to the genera Alphavirus,
Flavivirus, and Bunyavirus (Lundström, 1999). West Nile virus
(WNV) currently the most widely distributed arbovirus in the
world, occurring on all continents except Antarctica, has been
reported to occur in mosquitoes and to infect human and other
vertebrates (Krameretal.,2008).Thisviruswasﬁrstisolatedfrom
the blood of a sick woman in the West Nile District of Uganda in
1937 (Smithburn et al., 1940).
In recent years human or animal, mainly enzootics involv-
ing horses, WNV disease in the Eastern Hemisphere have been
reported mostly from areas in the Mediterranean Basin:inAlgeria
in 1994, Morocco in 1996 and 2003, Tunisia in 1997 and 2003,
Romania in 1996 through 2000, Czech Republic in 1997, Israel
in 1999 and 2000, Russia in 1999–2001 and 2003–2007, Hungary
2003–2008, southern France in 2000, 2003–2004, Italy in 1998,
2008–2009, Spain in 2008–2009, and Greece 2010–2011 (Murgue
et al., 2001; Zeller and Schuffenecker, 2004; Hayes et al., 2005;
Krisztalovics et al., 2008; Rossini et al., 2008; Barzon et al., 2009;
Rizzo et al.,2009; Chaskopoulou et al.,2011; Danis et al.,2011a,b;
Vázquez et al., 2011).
In Portugal epidemiologic surveys for West Nile detection in
human and animal populations have been carried out since the
1970s revealing seroreactivity for this virus. However, the ﬁrst
WNV isolation from mosquitoes was reported in 1971 (Filipe,
1972). In the summer 2004 two linked WNV cases were reported
inIrishtourists,acquiredintheAlgarve(Connelletal.,2004)after
which WNV was isolated from mosquitoes in the same region
(Esteves et al., 2005).
Throughout its worldwide distribution, WNV is maintained
in nature by enzootic cycles between ornithophilic mosquitoes,
predominantly Culex species, although other genera may also be
vectors, and birds (Hayes et al., 2005). Mosquitoes can also act as
bridge vectors transmitting WNV out of its natural cycle to acci-
dental hosts, such as domestic animals, particularly horses, and
humans (Rappole and Hubálek, 2003; Linke et al., 2007; Kramer
et al.,2008).
There are two important periods for pathogen introduc-
tion that correspond to the biannual bird migration. The ﬁrst,
during spring, when birds ﬂy from Africa and can introduce
pathogens in the North hemisphere especially in Mediterranean
wetlands as well as in other countries from Europe. The sec-
ond period, in autumn, when birds return to Africa, may
carry pathogens from Northern to Southern Europe (Jourdain
et al., 2007). WNV has been isolated from actively migrat-
ing birds (Malkinson et al., 2002). In European regions WNV
cases occur in late summer and early fall months, when mos-
quito populations are at their highest densities. WNV outbreaks
have occurred at urban sites near wetlands where migratory
birds, mosquitoes, and humans are concentrated (Rappole et al.,
2000).
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Climate changes can inﬂuence signiﬁcantly vector-borne dis-
ease transmission, as insects are very sensitive to meteorological
conditions, namely temperature and humidity. Warmer weather
and high precipitation may lead to sudden increases of mosquito
populations,duetoabundantlarvalhabitatsandclimaticfavorable
conditions.Warmer weather would also inﬂuence people’s behav-
ior,leadingthemtospendmoretimeoutdoors.Outdooractivities,
associated or not with tourism, can lead to higher exposure of
humans to mosquito bites, and consequently to the transmis-
sion of mosquito borne diseases (Morgan, 2006). The ecological
understanding of mosquito vectors of arboviruses is an impor-
tant contribution of the surveillance regarding the risks for public
health and mosquito control programs (White, 2001; Rydzanicz
and Lonc, 2003; Medlock et al.,2006).
Due to its geographic localization and favorable climate, the
Algarve province combines several conditions that can lead to the
emergence and re-emergence of mosquito borne diseases. The
presence of wetlands and lagoons, used by migratory birds can
favor new viral introductions and the presence and abundance
of mosquito populations can maintain viral enzootic cycles. This
kind of water collections provide suitable breeding sites to some
mosquito species reported as vectors of WNV (Medlock et al.,
2006).TheAlgarveisawellknowntouristicplace,withthousands
of visitors every year.
The goals of our study included the study of the abundance
and diversity of mosquitoes in the vicinity of several water collec-
tions, lagoons, of the Algarve used by migratory birds, as well as
screening those mosquitoes for the presence of WNV.
MATERIALS AND METHODS
STUDY AREA
The study took place during the summer months of 2007, from
June to September, in seven lagoons near the coastal line, in
the province of the Algarve, southern Portugal, next to four
localities, within a maximum distance of 30km (Figure 1):
(1, a) Lagoon Salgados (N37˚5 53.33  ; W8˚20 3.61  ), Pêra;
(2, b) Lagoon Nova (N37˚5 29,78  ; W8˚8 33,28  ) and (2, c)
Lagoon Antiga (N37˚5 48.03  ; W8˚8 57.98  W), Vilamoura Nat-
ural Park, Vilamoura; (3, d) Lagoon Almargem (N37˚6 8,07  ;
W8˚21 15.97  ), Quarteira;( 4, e) Lagoon Dunas Douradas
(N37˚2 42,6  ; W8˚3 8,4  ; (3, f) Lagoon Garrão (N37˚2 42,6  ;
W8˚2 32,6  ) and Quinta das Salinas (N37˚2 15,1  ; W8˚2 1,3  ; (3,
g) Garrão.
Some of these lagoons are referenced as regions of high diver-
sity of wildlife including the presence of more than a hundred
bird species. Due to this, and in particularly the Salgados lagoon
was included in the national IBA’s (PT035 Important Bird Area –
149ha) being one of the more important wetlands in the Algarve,
gaining national, and even international, interest, for some bird
species, such as the Porphyrio porphyrio (Purple Swamphen) and
Aythya nyroca (Ferruginous Duck; CCDR, 2007).
Algarve provides a wide range of outdoor activities, namely
bird watching, ﬁshery, aquaculture, and salt-works. Climate in
the Algarve may be considered Mediterranean Csa type accord-
ing to the Köppen–Geiger classiﬁcation. For the interval 1971–
2000, monthly average temperature varies from 16˚C in January–
December to 28˚C in July–August (mean average 17˚C,maximum
FIGURE 1 | Map showing the localization of the study area and the
various surveyed lagoons: (1, a) Lagoon Salgados (Pêra); (2, b) Lagoon
Nova, (2, c) LagoonAntiga (Parque ambiental deVilamoura); (3, d)
LagoonAlmargem (Quarteira); (4, e) Lagoon Dunas Douradas, (4, f)
Lagoon Garrão, and (4, g) Lagoon Quinta das Salinas (Garrão). Distance
between 1 and 4 is ca. 30km.
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average 21˚C, minimum average 12˚C), and mean precipitation
varies from 2.1mm in August to 96mm in December (IM,2010).
MOSQUITO SAMPLING AND PROCESSING
Adult mosquitoes were collected monthly in the seven lagoons
above,inﬁxedsamplingsiteswithCDC(CentersforDiseaseCon-
trol; Sudia and Chamberlain, 1962) baited with carbon dioxide
(CO2; ca. 1kg/trap; Newhouse et al., 1966), operating overnight
from before dusk to after the sunrise (minimum 12h). All traps
were suspended at a height of 1.5–2m from the ground, either in
trees or human-made structures by the edge of the lagoons. Col-
lected mosquitoes were transported live in refrigerated boxes to
laboratory where they were frozen till identiﬁcation.
Fixed potential breeding sites were surveyed for mosquito lar-
vae and pupae using a standard dipper (ca. 700ml), perform-
ing a minimum of ﬁve dips per site (3500ml). These included
margins of the lagoons, or irrigation ditches and efﬂuents from
urban wastewater treatment plants (UWTP) that discharged to
the lagoons. Physical and chemical parameters (temperature,oxy-
gen, pH, ion concentration, conductivity, total dissolved solids,
salinity, and water depth) of the water were recorded. When-
ever it was not possible to prospect the ﬁxed breeding site (for
example, when it was dry), an attempt was made to survey
the vicinity. Immature forms were transported to the labora-
tory in glycerinated ethanol (4%, V/V). Physical and chemi-
cal parameters of the water collections are presented as their
mean values, during the observation period, for each of these
lagoons.
Adult mosquitoes were sorted by site, species, sex, and females
by the gonotrophic stage, pooled accordingly to a maximum of
50 specimens per pool, and kept at −80˚C until viral screen-
ing.ImmaturesweremountedinRibeiro medium(Ribeiro,1967).
Adults and immatures were identiﬁed according to identiﬁcation
keys by Ribeiro and Ramos (1999).
Adult mosquito densities were calculated as mean mosquitoes
per trap-night. The modiﬁed Sorensen coefﬁcient (Southwood,
1978), grouped the surveyed lagoons according to the similarity
of their adult culicid fauna, generating a respective dendrogram.
Breeding site index (R) was calculated as the number of biotopes
they were positive for culicids (Ribeiro et al., 1980), and larval
density was calculated as the mean number of larvae per dipper.
VIRAL SCREENING
Adult mosquitoes were triturated on a vibrator for 30s with glass
beads and alundum in a 15-ml conical, screw cap plastic tube
with 1.5ml of phosphate-buffered saline (PBS) containing bovine
serumalbumin(BSA)at4%(W/V).Allthetubeswerekeptonice.
After a centrifugation (896×G) at 4˚C for 10min three aliquots
were made,using sterile pipettes,to be used on Reverse transcrip-
tase – polymerase chain reaction (RT-PCR). RT-PCR reactions
were performed using 6μlo fR Tb u f f e r ,2μl of 0.1M dithiothre-
itol,1μlRNAguard,5μdNTP’s(2.5mM),2.5μlrandomprimer
(0.3μg/μl), 8μl ddH2O, and 5μl of the titration product. Sam-
pleswereboiledfor5minandcooledonice.Tothismixtureitwas
added 1μl of Moloney murine leukemia virus (MMLV) reverse
transcriptase. The reaction was performed at 37˚C for 60min,
with a ﬁnal step of 95˚C for 10min.
Following reverse transcriptase, 5μl of cDNA was trans-
f e r r e dt o4 5μl of a PCR mix containing 5μl Taq buffer, 1.75μl
MgCl2, 5μl dNTP’s, 30μl ddH2O, 0.5μl Taq, and 1.25μlo f
eachprimer,cFD2(5 -GTGTCCCAGCCGGCGGTGTCATCAGC-
3 ) and MAMD (5 -AACATGATGGGRAARAGRGARAA-3 )i n
the ﬁrst round (Scaramozzino et al., 2001) and FS 788M (Esteves
et al., 2005) for the second. The thermal cycling proﬁle consisted
on 15min at 94˚C, three initial cycles of 60s at 94˚C, 60s at 52˚C,
and 60s at 72˚C, followed by 40 cycles of 30s at 94˚C, 30s at
56˚C,and 30s at 72˚C. The ampliﬁcations products were analyzed







imum in July,coinciding with the highest mean temperatures and
lowest precipitation recorded for the area (Figure 2).
Eight species were collected as adult mosquitoes: Anophe-
les (Anopheles) algeriensis (n =14), Aedes (Ochlerotatus) caspius
(n =152),Aedes (Ochlerotatus) detritus s.l. (n =7), Coquillettidia
richiardii (n =20),Culex (Culex)pipiens (n =749),Culex (Culex)
theileri (n =415),Culex (Culex)univittatus (n =51),andCuliseta
(Allotheobaldia) longiareolata (n =24), The most abundant was
C. pipiens (52%), which peaked in July, as did A. caspius, the
third most common species (11%). However, C. theileri (29%),
the second most abundant mosquito, exhibited a slow increase,
peaking in August, but maintaining similar levels from July to
September. Relative mosquito species densities varied among the
seven surveyed lagoons (Figure3). The dendrogram based on the
modiﬁed Sorensen coefﬁcient (Southwood, 1978), grouped the
surveyed lagoons according to the similarity of their culicid fauna
(Figure 4).
IMMATURES
Collection of immature forms in the margins of the seven sur-
veyed lagoons, irrigation ditches and UWTP efﬂuents draining
FIGURE 2 | Mean adult mosquito density collected by CDC traps, from
June to September, 2007, in the seven surveyed lagoons, in coastal
wetlands of theAlgarve.
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FIGURE 3 | Mean adult mosquito species composition of the seven
surveyed lagoons in the wetlands of theAlgarve collected by CDC
traps, from June to September, 2007.
FIGURE 4 | Dendrogram based on the modiﬁed Sorensen coefﬁcient of
similarity between the surveyed lagoons: (a) Salgados (1), (b) Nova (2),
(c)Antiga (2), (d)Almargem (3), (e) Dunas Douradas (4), (f) Garrão (4),
and (g) Quinta das Salinas (4), (numbers in brackets refer to Figure 1).
to these, in a minimum of 7 and a maximum of 15 biotopes,
yielded a total of 85 larvae,with negative collections in the month
of July, and a breeding index (R) of 0.2–0.25 in the remaining
months (Figure 5). Mean larval density was 0.18 larvae/dipper in
June, 0.25 in August, and 0.7 in September. Six species were col-
lected as immatures,Anopheles (Anopheles) atroparvus,A. caspius,
Culex (Barraudius) modestus, C. Pipiens, and C. theileri, which
varied according to the month (Figure 6), but also according to
the nature of the biotope of collection (Figure 7). Physical and
chemical parameters of these water collections are presented as
FIGURE5|P o t ential breeding sites surveyed for immature culicids
along the seven lagoons surveyed, and respective breeding index,
from June to September 2007.
FIGURE 6 | Species composition and density (mean larvae/dipper) of
the culicid immature forms collected along the lagoons surveyed. A
total of 85 larvae were collected. No larvae were collected in the margins of
natural lagoons.
FIGURE 7 | Culicid immature species, and relative density, according to
the nature of the biotope, in the surveyed lagoons.
theirmeanvalues,duringtheobservationperiod,foreachof these
lagoons (Table 1).
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T a b l e1|P h ysical and chemical parameters* of the seven lagoons surveyed, communication with sea water and efﬂuents of urban wastewater
treatment plants, represented as the mean value for the observational period.
Lagoon Sea water UWTP pH Redox potential (mV) Conductivity (μS/cm) TDS (mg/l) Salinity (ppt) O2 mg/l T ˚C
Salgados (1, a) Yes Yes 9.25 −149.25 4,972.50 2,617 .50 4.43 8.36 30.98
Nova (2, b) – Yes 7 .98 −66.33 2,645.67 1,590.67 1.62 9.99 27 .08
Antiga (2, c) – Yes 8.14 −77 .75 2,165.00 1,212.50 1.30 9.25 26.73
Almargem (3, d) Yes Yes 8.05 −73.00 5,015.00 3,495.00 11.15 9.39 26.03
D. Douradas (4, e) – Yes 8.38 −96.67 1,396.00 832.67 0.87 9.38 28.00
Garrão (4, f) – Yes 7 .62 −50.00 1,852.00 1,109.00 1.17 9.02 23.70
Salinas (4, g) – Yes 7 .67 −54.67 16,746.67 11,623.33 26.23 10.32 26.57
The higher salinity values recorded are represented in bold.
*Water physical and chemical parameters were measured at about 12:00 a.m.
In brackets are the numbers referring to Figure 1 and the letters referring to Figure 4.
VIRAL SCREENING
A total of 1,249 female mosquitoes were screened for WNV (89%
of the total collection), of which 55% (n =687) were C. pipi-
ens, 31.8% (n =397) C. theileri, 6.7% (n =84) A. caspius, 3.8%
(n =47) C. univittatus, 1.6% (n =20) C. Richiardii, and 1.1%
(n =14) A. algeriensis. However, there was no detection of WNV
nucleic acid sequences.
DISCUSSION
This survey for mosquitoes along seven lagoons located along the
coastal line of theAlgarve evidenced a seasonal dynamic of adults,
following a typical pattern accompanying the mean temperature,
withhighestdensitiesinthehottestsummermonthsfortemperate
climates (Lysyk, 2010). This is not always the case as sometimes,
due to low atmospheric humidity related with continued lack of
precipitation, density decreases can be observed. C. pipiens was
the most abundant species, accounting for nearly half of the col-
lections,peaking in July,as didA. caspius,the third most common
species. This seasonal dynamics contrasts with that registered in
this area the previous year (2006), when A. caspius had been the
dominant species, peaking in July–August, and C. pipiens exhib-
ited a decrease in these months (Osório et al., 2008), despite the
sampling method being also CDC traps, thus comparable to that
used in this study. Another contrasting difference in our study, in
2007, was that C. theileri was the second most abundant species,
exhibiting a slow increase and peaking in August. This also con-





Theileri, and A. caspius, thus having higher Sorensen coefﬁcients
of similarity and coming closer in the dendrogram. These lagoons
exhibited the highest salinity values (bold values in Table 1),
togetherwithAlmargemlagoon(3,d),thusitisnotsurprisingthat
these were where A. caspius, a halophile species, had higher den-
sities, and was also found as immature forms. Almargem lagoon
was dissimilar to these due to its very low mosquito density. The
lagoons atVilamoura natural park, Nova (2, b), and Antiga (2, c),
were very identical between each other but different from the pre-
vious, in that C. pipiens was the predominating species, followed
closely by Garrão (4, f), though with much lesser abundances.
ThesethreelagoonsarethoseclosertoUWTPswhichcanaccount
for that predominance of C. pipiens and relative similarity. Dunas
Douradas (4, e) exhibited a quite different culicid fauna, with C.
theileri as the overly dominant species, thus placing it far apart
from the others. However, the total small sample size may have
affected the outcome of this diversity analysis.
Comparing the species collected in different life stages, two
were not caught as adults but only as larvae, A. atroparvus and
C. modestus, whereas ﬁve were not caught as immatures, namely
A. algeriensis, A. detritus s.l., C. univittatus, C. Richiardii, and
C. longiareolata. Furthermore, no relation could be established
between species collected in both life stages in each lagoon site.
A. atroparvus was not caught as adult, likely due to the collec-
tion method used, as this species rarely is attracted to CDC traps,
and is mainly found in indoor resting collections (Almeida et al.,
2008). C. modestus was not caught as adult probably due to its
low abundance, as shown in previous surveys of this very same
region,where only two,also immature forms,were caught in 1975
(Ramos et al., 1977/1978), in similarly brackish waters as in this
study, or not caught at all as adults in later surveys (Ramos et al.,
1992; Almeida et al., 2008). Still, this species is a known vector of
WNV in the Mediterranean area (Mouchet et al.,1970).
Immature surveys were mostly negative,with breeding indexes
of 0.2–0.25,and,whenpositive,yieldedveryfewspecimens,which
may account for the smaller number of species collected in rela-
tion to adults. The type of biotopes surveyed, which might not
be the preferred ones, may also justify the lesser representation
of species as immature stages. The particular bioecology of C.
richiardii,whose immature stages live attached to stems of aquatic
vegetation,requiring special techniques for their collection,is also
a likely justiﬁcation for their absence in immature collections,
despitetheircontinuedpresenceasadultsintheselagoonalecosys-
tems (Almeida et al., 2005, 2008). The low level of precipitation,
along with increased evaporation, during the summer months,
with the consequent decrease in water level and some degree of
eutrophication,can be a possible explanation for the low breeding
indexes registered. As to the physic-chemical parameters of the
water, a pH higher than expected (>8.2) was detected in Salga-
dos and Dunas Douradas lagoons, although this did not reveal to
be exclusive of mosquito larval presence, as these were detected
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in Salgados, which had the highest pH registered. The levels of
dissolved oxygen measured were always above 5mg/l, at around
noon time, which could indicate much lower levels in the night
and dawn as observed in this coastal system (Newton et al.,2010).
Furthermore, in the lagoons Garrão and Dunas Douradas, the
ichthyofauna was inexistent in 2007 probably due to anoxia in the
water and lack of communication with the sea, and high mor-
tality was observed in the Salgados lagoon (CCDR, 2007). Thus,
if on one hand, conditions for the presence of mosquito larvae
in the waters of these lagoons, do not seem to be very favorable,
on the other hand, if colonization by mosquito immatures hap-
pened, it could be difﬁcult to be naturally controlled due to the
absenceofﬁsh,andother,naturalpredators,suchascoleopteraand
ephemeroptera, which have also very low densities, or are totally
absent, in these lagoons (CCDR, 2007).
It is also noteworthy the presence of immature culicids and
their species in relation to the nature and site of the biotope. First
and foremost,no larvae were found in the margins of any of these
lagoons, but only in the ditches discharging to them. In irrigation
ditchesC.theileri,C.modestus,C.Pipiens,andA.atroparvus could
be found in progressively lower densities, whereas A. caspius was
found just in UWTP efﬂuents. C. pipiens was the only species that
was found in both biotopes, however, with much higher densities
intheefﬂuentsfromUWTP,clearlyillustratingthecapacityof this
species to breed in somewhat polluted waters.
Algarve is known to be one of the most touristic places of
Portugal, with activities that include bird watching. Some of
these lagoons are referenced as bird sanctuaries, with more than
a hundred species registered. On the other hand, some of the
birds regularly seen in these lagoons, such as Anas platyrhyn-
chos (Mallard) in Salgados, Hirundo rustica (Barn Swallow), and
Pandion haliaetus (Osprey) in Garrão, have been found infected
with arboviruses such as WNV (CDC, 2011). Some studies also
reported the presence of neutralizing antibodies against WNV in
birds from Portugal like Buteo buteo (Common Buzzard), Falco
tinnunculus (CommonKestrel),andCiconiaciconia (WhiteStork)
among others (Formosinho et al., 2006), and in other Mediter-
ranean countries like the Turdus merula (blackbirds) and Passer
domesticus (house sparrows; Figuerola et al., 2008). Furthermore,
some of the bird species found in Portugal like A. platyrhynchos
(Mallard), Anas querquedula (Garganey), Ardea purpurea (Purple
Heron) are referenced as migratory, thus presenting the risk of
pathogen introduction. (Feith, 2007, 2010; Jourdain et al.,2007).
Mosquito species found in this survey,such asA. atroparvus,A.
caspius,A. detritus s.l.,C. richiardii,C. pipiens,C. theileri,C. mod-
estus,and C. univittatus,are known vectors of several arboviruses.
Previous human cases of WNV have been putatively acquired
in this region (Connell et al., 2004), followed by detection of
WNV infected C. pipiens and C. univittatus in the same area
(Esteves et al., 2005). A phylogenetic analysis strongly suggested
a re-introduction of the virus, since it had ﬁrst been detected in
1971 (Parreira et al., 2007). In fact, during the last decade WNV
has been active in countries lining the Mediterranean (Morocco,
Italy, France, Spain, and Greece; Zeller and Schuffenecker, 2004;
Rossini et al., 2008; Barzon et al., 2009; Rizzo et al., 2009; Danis
et al., 2011a,b). Despite the fact that no mosquito infections were
detected in the present study, which may also be due to the
small sample size, surveillance should be continued as all previ-
ous evidence support the idea that theAlgarve,has the conditions
for WNV re-mergence, and one of the species previously found
infected, C. pipiens, is still the most abundant in several locations
and is a known bridge vector, feeding both in birds and humans
(Gomes et al.,2009).
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